Abstract. Context-awareness and adaptability are highly desirable features for web services that operate in dynamic environments. In recent years, a number of approaches have been proposed to support the development of such services. However, the requirements elicitation of this kind of services and the synthesis of their design models from the requirements are still major challenges. In this paper, we propose a novel scenario-driven approach to developing contextaware adaptive web services. Our approach enables the elicitation of a web service's requirements as two sets of scenarios: functional and adaptation. The functional scenarios capture the service's functionality while the adaptation scenarios represent the service's adaptation logic to cope with runtime context changes. We also support the synthesis of the service's design model from its scenarios, and the automatic transformation from the service's design model to the executable service code. To demonstrate the applicability of our approach, we have used it to develop a context-aware travel guide service.
Introduction
There is an increasing demand for web services that have the ability to dynamically adapt their behaviours in response to changes in their operating environments (i.e. their contexts) without explicit user intervention to bring better usability and also effectiveness. In recent years, a number of approaches have been proposed to support the development of such context-aware adaptive services [1-2]. However, two major challenges still remain that hinder easy and effective development of this kind of services. First, to elicit the requirements of a context-aware adaptive service, there is a need for an approach that considers the service's context and its adaptation in response to context changes during the requirements elicitation. Second, to ease a service design and maintain a causal connection between the service requirements and its design model [3] , an approach is needed to automatically synthesize the service's design model from its requirements.
To tackle the above two challenges, in this paper, we propose a novel scenariodriven approach to developing context-aware adaptive services. Our approach elicits a service's requirements as two sets of scenarios [4] : functional and adaptation. The functional scenarios capture the service functionality while the adaptation scenarios represent the service's runtime adaptation in response to context changes to keep achieving the users' needs. To specify these two types of scenarios, we have extended the UML sequence diagram with three types of scenario's participants: functional, contextual, and management. The functional participants provide the service's functionality while the contextual participants provide context information that is either needed by the service functionality or can trigger the service adaptation. The management participants decide adaptation actions to cope with the context changes. These participants interact with each other through special types of messages (e.g. a management message can only be exchanged between management and functional participants). Our approach also supports the synthesis of the service's design model from its scenario's descriptions. Based on the synthesized model, the service engineer may add elements that are related to the service's solution space (e.g. partner services that provide the service's core functionality). A technique to automatically transform the service's design model to the executable service code is also developed. A tool has been developed to support the scenario-driven development of context-aware adaptive services. To demonstrate the applicability of our approach, a case study of developing a context-aware travel guide service is presented.
The remainder of the paper is organized as follows. We start by introducing a motivating scenario in Section 2. In Section 3, we present our approach to eliciting a context-aware adaptive service's requirements, synthesis of the service's design model from its requirements, and generating the executable service code from its design model. The implementation of our approach is discussed in Section 4. Section 5 analyses existing and our approaches. Finally, we conclude the paper in Section 6.
Motivating Scenario
Let us consider a travel guide web service that a tourist can use to plan her trip. Based on her preferences (e.g. outdoor attractions) and the weather forecast for that day (e.g. sunny), the travel guide service suggests to her a number of attractions. She selects some of these attractions to visit in her rented car, and then a set of routes are displayed to her. These routes are calculated based on her current location, her attractions list, her driving preferences (e.g. shortest route), and the live traffic information (e.g. congested roads). She selects a suitable route and starts to explore the attractions.
To develop the context-aware travel guide service, two types of requirements need to be elicited: functional and adaptation. The functional requirements are a set of functions that need to be provided by the service (e.g. route planning). These functions also need to take the context information into account to give the tourist better suggestions. For example, the route planner needs the traffic information to provide better estimations for the routes travel times. The adaptation requirements specify the service's adaptation in response to runtime context changes. For example, the travel guide provider may want to provide the attractions finder service free, while the tourist should pay to use the route planner service. Therefore, while the travel guide service is in operation, the tourist may want to integrate the route planner service, which is not
